We have used a semiselective Hahn spin-echo sequence of the form (1331)-T-(2662)-T-AQ, delivered by a surface coil to obtain high-resolution 1H NMR spectra from the brains of intact dead rats. This sequence gave suppression of the tissue water resonance by a factor of 80,000 when X = 68 ms. Delivery of a frequency-selective Dante pulse train to the a-CH resonance of lactate at 4.11 ppm, simultaneously with the 2662 refocusing pulse, altered the j-modulation in the spincoupled 13-CH3 protons. Subtraction of this spectrum from one in which the Dante was ineffective gave an edited spectrum containing only the j3-CH3 resonance of lactate at 1.31 ppm. When the position of the Dante was shifted to 3.78 ppm to selectively invert the a-CH protons of alanine, an edited spectrum of alanine was obtained.
coupled 13-CH3 protons. Subtraction of this spectrum from one in which the Dante was ineffective gave an edited spectrum containing only the j3-CH3 resonance of lactate at 1.31 ppm. When the position of the Dante was shifted to 3.78 ppm to selectively invert the a-CH protons of alanine, an edited spectrum of alanine was obtained.
Until recently the study of tissue metabolism by high-resolution 'H NMR has been impaired by the need to suppress the large signal arising from tissue water. However, recently it has been shown that a combination of presaturation with a Hahn spin-echo can achieve a reduction of the water resonance by a factor of 1000 while also minimizing the broad lipid components of the 1H spectrum that may obscure the resonances of interest (1) . Despite the improvements in spectral quality obtained by this method, the complexity of the 1H NMR spectra obtained from intact tissues, together with the small chemical shift range, can make resolution and quantitation of some metabolite peaks impractical. Rothman et al. (2, 3) have overcome these difficulties by introducing a homonuclear editing technique, which, by selectively inhibiting the j-modulation of a specific resonance in the 1H spectrum during a spin-echo evolution, allows spectra containing only the resonance of interest to be obtained.
An alternative approach to the problem of water suppression is the use of semiselective excitation pulses such as the 1331 sequence described by Hore (4) . Such sequences achieve excellent suppression by producing an excitation null at the water resonance (and are useful when presaturation is ineffective or undesirable). An advantage of the 1331 pulse over some other semiselective pulses is that it can be incorporated into a spin-echo sequence. Such a (1331)-r-(2662)-r-AQ sequence has been used by Brindle et al. in an in vitro 1H NMR study of enzyme-catalyzed 15N label exchange (5) .
In the present communication we describe the use of a (1331)-r-(2662)-r-A Q Hahn spin-echo sequence with a surface coil to observe proton resonances in a rat's brain. The measurements are made in conjunction with full 16-phase cycling to correct for H, inhomogeneity. We also show that anomalous j-modulation arising from the spectral inhomogeneity of the 2662 pulse in the spin-echo sequence can be compensated by the use of a frequency-selective Dante sequence (6) , allowing homonuclear editing techniques analogous to those described by Rothman et al. (2, 3) to be used. Some advantages of the present method are described.
THEORY
The 1331 Hahn spin-echo sequence,
(1-,r-3-Tl-3-Tl,-)-T2-(2-Tl-rT,-6-Tl-2)-T2-AQ, provides impressive water suppression by creating a final spectral pulse power distribution approximating a sin3F function, where F = ofTr,, and f is the offset in Hz from the carrier frequency. Resonances satisfying the condition f = 1/2rT will receive the greatest excitation pulse, while nuclei resonating far from this optimal spectral region will experience a strongly attenuated rf pulse. In addition, the sin3F dependence of the 2662 "IT" pulse can affect the j-modulation of homonuclear j-coupled spin systems (5) . The effect of a nonselective Hahn spin-echo,
on a set ofj-coupled spins A, in an AX spin system is well documented. To summarize, the (7r/2) pulse tips the A magnetization onto the -Y axis. During the first evolution period X the A magnetization, when viewed in a frame rotating at the frequency ofA, splits into two components that precess at +J/2 and -J/2. If X is set to 1/2J, then at the end of this first evolution period one component of the A magnetization will be along +X and the other along -X. The (7r)x pulse has the effect of interchanging the Xa for Xf3 spins. As a result, the two components of A magnetization reverse their directions of precession and refocus along -Y at the end of the second T period. Note that if the (7r)x pulse had not inverted the X spin state, then the A magnetization would have refocused along + Y, in phase with any noncoupled spins. Thus, for a spin A, in an AX spin system to undergo full j-modulation during a spin-echo experiment, its j-coupled spin, X, must have its spin state inverted during the v pulse. If the X spin receives a pulse other than 180°during the Xr pulse, the A spin will experience only partialj-modulation. In the absence of any pulse to the X spin, the A spin will not experiencej-modulation. Two sources of imperfections in the refocusing Xr pulse of a 1331 spin-echo sequence as applied with a surface coil are the spectral inhomogeneity, arising from the sin3F dependence of the 2662 pulse, and the spatial H, inhomogeneity of the surface coil.
The effect of the 2662 pulse on j-modulation can be determined by using product operators (7, 8) . In this example we use Sorensen's conventions (7) for choice of reference frame. Since A magnetization will be observed in the edited 313.
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2Ax(Xzcos/3 -Xysin/)coswAT -2Ay(Xcos/3 -Xysin/)sinwAT spectrum, we will use Az, the longitudinal A magnetization, as an initial state. In the following discussion, exact ir/2 and ir pulses will be applied to the A spin, at rl = 1/2f, to clarify the effect of the spectral profile of the 2662 pulse. The convention (IT(A), P(X)), will be used to indicate a 2662 pulse along the X axis yielding a ir pulse to the A spin and a /3 pulse to the X spin. The offset in radian Hz from the carrier of the A spin will be denoted by wA. The 1331 pulse (ir/2(A), ,6/2(X)), acts on A, to convert it into -Ay, -Ay evolves during the spin-echo delay T2 under the influence of the Zeeman interaction to yield -AYCOScAT + AxsinA. [1] Simultaneous with the evolution under the Zeeman interaction, the effects ofj-coupling for a period 1/2J will yield 2AXXZCOSWAT + 2AyXZsinWAT. [2] This antiphase magnetization is converted by the 2662 pulse (*{A), IB(X))x into 2AX(Xzcos,3 -Xysin P)coswAT -2Ay (XzcosP8 -Xysinp3)sinwAr. [3] At this point, For coupled resonances experiencing negligible pulse angles during the 2662 pulse, the scheme depicted in Fig. 1 may be used as a homonuclear editing scheme. Here the Dante is applied alternately to the coupled resonance, X, to induce j-modulation in A and to a position symmetrical about the carrier, thereby avoiding j-modulation. For AX spin systems, a spin-echo delay, r2 = 1/2J, will alternately yield a phase inversion of A magnetization (Dante positioned at X) or not (Dante positioned away from X and symmetrical about the carrier for good cancellation). Subtraction of the resulting free-induction decays will produce a homonuclear edited spectrum displaying A magnetization. Thus, the editing sequence in the absence of H, inhomogeneity and the described Dante based r2 artefacts yields AY (cOs3 -cos(O3 + PD)).
[8]
In the presence of an inhomogenous H1, the previously described phase cycling can be used to eliminate imperfections in the Ir/2(A) and i(A) pulses in addition to the /3(X) induced artefacts described earlier. The observed intensity in 1/2J [5] When the effects of the Zeeman interaction are considered, Eq. 5 becomes (AYcos 2(OA7 -AXcoswAT sinWAT + AxsinwAT COSWAT + Aysin2wAr)cosP3
or Aycos/3.
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Dante on X resonance during alternate scans [7] Inspection of Eq. 7 indicates that in the absence of any pulse to the X spin-i.e., 83 = 0-the observed intensity is equivalent to the signal attained in the absence ofj-modulation. For values of /8 4 ir, partial j-modulation will occur, while full j-modulation will occur only for = ir. If semiselective excitation pulses are to be used with 'H homonuclear editing schemes based on j-modulation (2, 3), the effects of poor Ir pulses to the coupled spin, X, must be "'0" 1-3-3-1 "20"' 2-6-6-2 [9] where Oi is the effective 7T/2(A) pulse in region i, Pi is the effective 2662 pulse to X in region i, and PDi is the corresponding Dante pulse. The additional Oi sin30, term in Eq. 9 above that of Eq. 8 is a consequence of phase cycling the imperfect ir/2(A) and IT(A) pulses.
METHODS AND RESULTS
To evaluate the effect of interrupting the evolution period T2 and thus the j-modulation, by the application of the Dante sequence, the scheme described above was tested by using a sample of 1 M lactate in 2H20. These and all subsequent spectra were acquired with a Bruker WH-360 wide-bore spectrometer operating at 360.13 MHz for 'H. In this experiment, a Helmholtz coil was used to minimize the effect of H, inhomogeneity. The " 1" pulse was set equal to 1/8 of the 900 pulse duration. With X = 0.4 ms, optimal for the C-3 protons of lactate at 1.31 ppm, the C-2 proton at 4.11 ppm receives a ir pulse of 3.2°. This X pulse was augmented by a Dante pulse train containing 46 pulses of 14-gs duration at 4.6 W, applied over a period of 25 ms, such that the interpulse delay was 0.543 ms. The Dante carrier frequency was positioned alternately on the C-2 proton resonance, 4.11 ppm, or symmetrically about the receiver frequency as described previously. The spin-echo delay T2 was set to 68 ms, which corresponds to 1/2J for the spin system of interest (J = 7.4 Hz). The free-induction decays were collected using full 16-phase cycling (9) . The resulting spectra are shown in Fig.  2 . More than 89% of the nonmodulated C-3 proton intensity was inverted by the Dante-induced j-modulation in this experiment. Thus, the homonuclear edited spectrum would yield >94% of the total available C-3 proton intensity in the absence of H, inhomogeneity. The same editing scheme was then used to generate an edited spectrum containing only the C-3 proton resonance of lactate from the brain of an intact rat, postmortem. Spectra were acquired by using a previously described rectangular surface coil and animal preparation (10) . The 1O3M pulse was set equal to the apparent 90°pulse of 32 gs. The Dante pulse train consisted of 46 pulses of 28 ,us at 4.6 W and was positioned in the same way as described in the analytical lactate sample. The duration of the Dante as well as the periods rl and r2 were also identical to those used in the first experiment. The free-induction decays were collected using a recycle time of 1.5 s and subjected to full phase cycling. The resulting spectra are shown in Fig. 3 . Assuming a postmortem lactate concentration of 15-20 mM, we estimate that a reduction of the water intensity by a factor of 2000 has been achieved.
The ability of this method to observe resonances suffering from severe spectral overlap is demonstrated in Fig. 4 where it has been used to resolve the C-3 protons of alanine (1.47 ppm), whose concentration in the postmortem rat brain has been estimated to be 1-2 mM. In this experiment, the same experimental parameters were used with the exception of the Dante frequency, which was moved to 3.78 ppm, the position of the j-coupled alanine C-2 proton. In the absence of the compensating Dante pulse, the C-2 proton of alanine receives a 2662 pulse of 12.50. In the edited spectrum additional resonances can be seen at 1.31 and 2.13 ppm. The resonance at 1.31 ppm arises from lactate and corresponds to <3% of the unedited lactate intensity. The 2.13 ppm resonance arises from the C-3 protons of glutamate and glutamine, which are j-coupled to their respective C-2 protons at 3.76 ppm. In this The two spectra were acquired by using the pulse sequence described in Fig. 1 and are the sum of 16 transients that were subjected to full 16-phase cycling. The spectra were acquired in the absence of j-modulation, Dante at 5.49 ppm, and in the presence of j-modulation, Dante at 4.11 ppm. experiment, we estimate that the water resonance has been suppressed by a factor of 80,000.
DISCUSSION
We have shown that the 1331 pulse sequence can be used for water suppression in j-modulation-based editing schemes.
Although lactate and alanine represent A3X spin systems experiencing negligible r pulses to the X spins, the technique should be applicable to any A,,X spin system simply by adjusting the sum of the Dante and 26626 pulse trains to alternately give 0°and 1800 pulses to the X spins. Editing of A,,Xm on spin systems is also possible by appropriate choice of the spin-echo delay r2 (2, 3) . The outstanding suppression of the water resonance by the sequence described has been used effectively in perfused livers when presaturation is ineffective or undesirable (T. Jue, personal communication). In addition, the use of longer and more selective Dante trains may permit the use ofj-modulation-based editing schemes at lower field strengths where editing methods based on decoupling can lose their selectivity due to off-resonance decoupling effects. In summary, a Hahn spin-echo sequence using 1331 pulses, when combined with a Dante sequence to selectively affect the j-modulation of a specific resonance, provides an excellent scheme for the collection of homonuclear edited 1H spectra in vivo.
